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Abstract; Tidal flats are among the ecosystems with the highest carbon sequestration capacity globally, serving as effective
blue carbon sinks to mitigate global warming. Current research on this issue primarily focuses on carbon input processes
driven by biological activities, while carbon output processes under geomorphic evolution, especially tidal meander

migration, are limited. This knowledge gap makes it challenging to accurately predict and assess the carbon sequestration
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capability of tidal flats. Here we integrate field observations, remote sensing with laboratory experiments to investigate the
impact of tidal meander migration on carbon release of tidal flat sediment. Results show that the range of variation
characterizing the migration rates of tidal meanders can actually span many orders of magnitude, which sharply decreases
from 107 m/s on silty flats to 10" m/s in salt marshes. The migration rates of tidal meanders in the muddy silt flats exhibit
significantly seasonal variability, with the rates in winter being approximately twice of those observed in summer. The
content of organic carbon in tidal flat soil demonstrates a seaward declining trend: salt marshes (4.62 g/kg) >muddy flats
(2.61 g/kg) >silty flats (1.51 g/kg). By integrating the migration rate of tidal meanders and soil organic carbon content,
we found that carbon release rate of sediment measured on silt flats (49.4 ¢ C m™ a™') was much higher than in salt
marshes and muddy flats, which is comparable to the carbon buried rate on unvegetated flats. Overall, our study confirms
the importance of tidal meander migration on sediment carbon release, providing crucial theoretical foundations and data

support for enhancing the prediction of carbon sink function of tidal flats.

Key Words: tidal meander migration; carbon release; carbon sink function; tidal channels; tidal flats; bank collapse
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Fig.1 Location of study area and the planform of the investigated tidal meander
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Fig.2 The UAV photography points and the calculation of tidal meander migration rate
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Fig.5 Spatiotemporal variations in migration rate of tidal meanders

R AR AR, BAEKR AR EME(0.4 ¢C m™ a™') < BYRPIRURIME(1.2 ¢C m™ a™') < Wb (49.4 ¢C
m™a™t), dE— 2o HT R B, DURR P RR Y o R 5 & R R AR RSRS L B VIAH DG I 7 iR, 455
7R B T8 % A AR AL AR B, R b DX S O R i i o 3 T e R

4 e

4.1 R e A s [ 2 S R M P R

KT R, BUA W5 R 2 A L SR ik 2 8, o0 A i i B2 25 BN X B 1k S5 A e 7 3 B iy L
HE0 23U /D S R R R Y A R 2 5 AR IR FAL 39 A 1] RURE fry TE A HILUEI , 2 B0 7 o L 422 5 i
JEEATAE T 0 P9 Bl 1) SR Dl R A A BRI 9 S 00 1 S A% A g TR VR X R e (8 5) o BR TR TEAR AR A
FRAE 52 R 8y (e T 45 T Al A4 AR 14 2 ) 2 5 T U R A M VA A A O U e
(E13) o — 7, ZEWNA R 0 7 5 BE 20 BB IR S5 4 S 1T K A B9 1) Sefh A i R g A2 3
I3 —J7 T PEMERA RN W 22 Dk V& WSS AR VA N R AR R R BT , ELYABE B B2 22 v i K
SARNRIIBEY  GIE OB T, S EORRIREIR 5 R MG, 5 0 1) 1 BE < S0 0 B o R, 7 30 9 4 ok T A
PERFSHLHI AT, A0 1) ih P sh A i 2 B sy . IO, A e b 9 AT 55 ) 2R 2 T o ol L i

http ; //www.ecologica.cn



14 14 A 2k A U A3 S D LR B i ) R MR ——— LAY L35 v IS i 4 451 6161

Or g
£}
20+ o Thif = 6F
o BDHIEE xS 1
oMb R 2
£ 1E S
2 =¥
2 40 B2 a4l
= 5 , 1
)L% o +
I5S e ’
H %
=]
60 | 32
80 ‘ . 0 »‘ 2 " kY y >
0 6 8 HRTHHE KD Ve W Kb
SRR TR 5 5L Tl DX S Y
Soil organic carbon content/(g/kg) Category of tidal flats
Eeo #MMtERINMSETEEN
Fig.6 Spatial variations in soil organic carbon content on tidal flats
%_I0 16 1102 4 : 150 ;§r
Ei7 —— WS le 3 w2 T I o0 5
ﬁéél(}h R mglm@g ’Mi; Pk th R 50 Q
K23 K2l B3 BE L TR R x
MB': B8 H = X5 2 RSN k) 0 it
®EE 25 Es BT &
REE Vol g ®E e £
=R (] mEjl0° 5 E B S 50 &
Heog 48 Zs5 3 _ s PR K 30% s
=255 = g 2 T T, -100 ®
e N IR ﬂ
= 10—1—- L - os  Z 0 050§
hHE FrRD I e e Kb 30 50 70 £
e X 2 A Category of tidal flats redox/ %0

7 R AR 5 A A B M T AR A R

Fig.7 Coastal sediment carbon release driven by tidal meander migration

FE AR TR (P 3 FIIE 4) o ply 7 1AL 422 5 4 B o W 1) 2 i S B S R i/ 4 ik
R T R 2 M 1) (4 222 R OR TR TR A
4.2 A b AR SRR A LR S S A AR S LB

ST M URR A HLBR A, B BIF 9T 2 G DR AR A R A WL 14 18 4 i (T AR AR T A
FUET) Vi T oK 35 0 LR R LA AR A A 2 2R G T AL 5 2 X ¢ (s T RS
SV AR sl 2 B g I ORER)R (530 em) LHE, 88 - HE P AT HLER 78 BE IS A iz 1 AR P A
BRI AU . R AR RIS A B, A T T 2 1 B IR BLA S AR AR T, T A e
AT BILRB i ) R ) e e FC IR R (81 7) o R A IS4 2 WA A T 428 505 0V - 9 LR 75 1 )
A A G, — 7 THT YD U YR e FUR 0 DX 35l bl T 7K 3y o # PR % > e o i K v v il U 28 50 5y
(TR 3 FIE 4) R LR IR VDR G G2 KRR TF A LR EAE, 59— 5 i, A 50 R 3+ e
PR & BRI 35 1 P 2 S, B AR OK B R XU A T 0 5%—10% , L XU R TR & vy
439" BIRIX —ZE M 2E S RE A BN EE Y Vb kAR TR AR AR R RS, (ELAIE ST 114 44 2R 3 I v i

http ; //www.ecologica.cn



6162 xR 44 %

VAR BER A T A MR AR AR R N 3R 2 — (B 5) o T RRERN 1 P RUBR A S 0, 1 428 3l R A
HE ST 2 AR 225 BeAh B0 e v il Jag i Dok 8 2 IO I o 3 4 A 00 A 40 P 5 i (L
Pl 3) o 30— id P SO v S S DA AR B AR A ) fE e T R PR A SR T B 5, ok 2 J 3 1
PEXELARAH I . PR, AT IR IR P B b N A B A DR RE , Sebs LB LA T RE M TR, X — &3
R AL GERE BT RT RE 2 (A 81 VA 1t U 422 30 R B0 T e T AR A L i 38 3 DT 52 i x4 v s 41 20 e
AHETRIFAY
4.3 BB L R T i I D BE VA

TEAB B VR T L IR A AR A A g 7 DR BRI R A Y it L
FE X S BT T BE B 58 22 DG R SRR IE AT LTI 1% TR A7, L RO L PR B A TP 20 %
SRS SRR A SR A G TE R (0—30 em ) YREE Y BN 9 i A8 41120 DRI W0 ke PR S oA Ay S 8 i
@RI, ST, AHTSE K B 10 i 42 Sl B8 S B CRR P i AR e MO AR X — AR T
SIS RR R R JE VD AR ) Far iz, X P R B D RE A T AT DRI, R A 0 A P B A
REST, B T 2555 e A LA A g AR i 7 225 TR DU B e DR i S5 0 22 17 A ) I R

LA, O A i 500 o A X 2% A 2 AR G T Al S f T ™ EE AR A o AR Bl A B 5 T A AL
TR A S Aty | JOAE B e MR 95 R 2N A 2l M A e i R R YD X SR R P ALK ) e VD s R T A
AR (Rl ) | SRR (0412 ) | 038 IR 7 25 A 25 AR L IB] A B ek 3 e ™) 33— b R o 444 i v e
LA R AL TR L . BR T BIZEERTR LOMARSEHE B X A DRIMIB A, BE R TE A it ok mT LA 596 12 TR e 4
FAZES o BN A E A 2SR A EAR ZEGME DI SR A R B OR RS i TR A 4 R T
MEDCRR DA DL R dRJm AT CORIE DA 138 YA 2230 S SO HLAR g s, 20 1 0 0 %
R AU ERCRAE R R A28 [ 22 57 27 S P ik s S5 By 2 e s A% | L3R R
PG PR R A O AT T R S 2 SR H s )y M AR o R W T AR Bl 1 R B T T RE 1 5
MBI o

5 i

AR SC I 8 I 2 s MR i i Ao R A S R AL R S BT e - VA R G A T R4
TR T PN 5 % PR X AU S TR IR G, LA SRR R S AT, SRR T A i R s X
TIMEDURR Wbt OVE R, 2L .

(1) 1A U 228 2 i 2 A A I 0 A 25 i) 22 S R PR Ak 320V 9 e s ), Ry D e i A2 sl % (107
m/s) G 3w T HACKEERVAE(107° m/s) SR RP IR IR IE (107 m/s) 3 ByRD IR R X 3 i 74) 4 25 10 122 2 i R 24
R E WG,

(2) WHEAN ] DX 3 A LR 7 et %) T 1) 55 7KOF- o0 A R iR 25 S b 2, R MLk 7 i B R AR A R B
AR F R R S HIA (R [ T 1] B G . BAE K BEERVERE (4.62 g/kg) > KR APIRATEME(2.61 o/kg) > By bR
(1.51 g/’kg)

(3) LA H IR MRS RS A MUK i, & PURRD MERR i 1 R I 285 T3V M S5 i it e i
A3k 49.4 ¢C m™ a5 DX A A ST AH 2

5% 3L HR ( References)

[ 1] Wang F M, Sanders C J, Santos I R, Tang ] W, Schuerch M, Kirwan M L, Kopp R E, Zhu K, Li X Z, Yuan J C, Liu W Z, Li Z A. Global blue
carbon accumulation in tidal wetlands increases with climate change. National Science Review, 2020, 8(9) : nwaa296.

(2] EEB], IR, WEIR, x4k, P IEERRH a0 T D Re Rk b A 5. hEBREBEBE T, 2021, 36(3) : 241-251.

[ 3] Macreadie P I, Anton A, Raven J A, Beaumont N, Connolly R M, Friess D A, Kelleway J J, Kennedy H, Kuwae T, Lavery P S, Lovelock C E,
Smale D A, Apostolaki E T, Atwood T B, Baldock J, Bianchi T S, Chmura G L, Eyre B D, Fourqurean J] W, Hall-Spencer ] M, Huxham M,

http ; //www.ecologica.cn



14 14 A 2k A i U A3 D LR B ) R

VATTZ5 rh s i o g 6163

[4]

(9]
[10]
(11]
[12]
[13]
[14]
[15]
[16]

[17]
[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]
[29]

[30]

[31]
[32]
[33]
[34]

Hendriks 1 E, Krause-Jensen D, Laffoley D, Luisetti T, Marba N, Masque P, McGlathery K J, Megonigal J P, Murdiyarso D, Russell B D,
Santos R, Serrano O, Silliman B R, Watanabe K, Duarte C M. The future of Blue Carbon science. Nature Communications, 2019, 10, 3998.
R, EE, SR, MW, BN, B, IR IR AT RE B AL BRI . Y AR, 2022, 46(4) -
373-382.

Friedrichs C T. Tidal flat morphodynamics. Treatise on Estuarine and Coastal Science. Amsterdam: Elsevier, 2011; 137-170.

Hughes Z J. Tidal channels on tidal flats and marshes. Davis Jr, R, Dalrymple R. Principles of Tidal Sedimentology. Dordrecht: Springer, 2012
269-300.

SRAEET), VKB, JrAT. TOSR R A AR A (LT SR, 2013, 68(7) : 955-965.

BE, BB SRR, B, kG, By IRVE B 18 A R AR KR T S S B SR BUIR. TR AR . HARBLE, 2016, 44
(2): 178-188.

T, BOUEK, N, RS SEUAMEERTH WA K S TS B 5 4B K AREERE ) 2009, 20(1) : 74-79.

Lanzoni S, D’Alpaos A. On funneling of tidal channels. Journal of Geophysical Research: Earth Surface. 2015, 120(3) :433-52.

BT, 0, B, FREIR, S, W R GOK IR AT ——LURYL A2 BR MR ). 244, 2017, 39(7) : 80-91.

Ganju N K, Defne Z, Elsey - Quirk T, Moriarty J] M. Role of tidal wetland stability in lateral fluxes of particulate organic matter and carbon.
Journal of Geophysical Research: Biogeosciences, 2019, 124(5) . 1265-1277.

Sasmito S D, Kuzyakov Y, Lubis A A, Murdiyarso D, Hutley L. B, Bachri S, Friess D A, Martius C, Borchard N. Organic carbon burial and
sources in soils of coastal mudflat and mangrove ecosystems. CATENA, 2020, 187 104414.

Kirwan M L, Megonigal J P, Noyce G L, Smith A J. Geomorphic and ecological constraints on the coastal carbon sink. Nature Reviews Earth &
Environment, 2023, 4. 393-406.

Phang V X H, Chou LL M, Friess D A. Ecosystem carbon stocks across a tropical intertidal habitat mosaic of mangrove forest, seagrass meadow,
mudflat and sandbar. Earth Surface Processes and Landforms, 2015, 40(10) ; 1387-1400.

Guimond J A, Seyfferth A L, Moffett K B, Michael H A. A physical-biogeochemical mechanism for negative feedback between marsh crabs and
carbon storage. Environmental Research Letters, 2020, 15(3) : 034024.

FIRMR, R, 22 R. S O A DU 5 B i MR SR ()R 7R . ARSI, 2015, 35(2) : 568-576.

Saintilan N, Kovalenko K E, Guntenspergen G, Rogers K, Lynch J C, Cahoon D R, Lovelock C E, Friess D A, Ashe E, Krauss K W, Cormier
N, Spencer T, Adams J, Raw J, Ibanez C, Scarton F, Temmerman S, Meire P, Maris T, Thorne K, Brazner J, Chmura G L, Bowron T, Gamage
V P, Cressman K, Endris C, Marconi C, Marcum P, St Laurent K, Reay W, Raposa K B, Garwood J A, Khan N. Constraints on the adjustment
of tidal marshes to accelerating sea level rise. Science, 2022, 377(6605) : 523-527.

Kirwan M L, Mudd S M. Response of salt-marsh carbon accumulation to climate change. Nature, 2012, 489 550-553.

Ladd C J T, Duggan-Edwards M F, Bouma T J, Pages J ', Skov M W. Sediment supply explains long-term and large-scale patterns in salt marsh
lateral expansion and erosion. Geophysical Research Letters, 2019, 46(20) . 11178-11187.

Zhou Z, Coco G, Townend I, Olabarrieta M, van der Wegen M, Gong Z, D'Alpaos A, Gao S, Jaffe B E, Gelfenbaum G, He Q, Wang Y P,
Lanzoni S, Wang Z B, Winterwerp H, Zhang C K. Is “morphodynamic equilibrium” an oxymoron? Earth-Science Reviews, 2017, 165; 257-267.
Zhao K, Coco G, Gong Z, Darby S E, Lanzoni S, Xu F, Zhang K L, Townend I. A review on bank retreat; mechanisms, observations, and
modeling. Reviews of Geophysics, 2022, 60(2) : €2021RG000761.

Gao C, Finotello A, D’Alpaos A, Ghinassi M, Carniello L, Pan Y P, Chen D Z, Wang Y P. Hydrodynamics of meander bends in intertidal
mudflats; a field study from the macrotidal Yangkou coast, China. Water Resources Research, 2022, 58(12) : e2022WR033234.

Finotello A, Lanzoni S, Ghinassi M, Marani M, Rinaldo A, D’ Alpaos A. Field migration rates of tidal meanders recapitulate fluvial
morphodynamics. Proceedings of the National Academy of Sciences of the United States of America, 2018, 115(7) : 1463-1468.

S, R0, X7 SRLR. P UK VA A RE AR R 1 = AR ARG, KRR, 2023, 34(2) ; 290-298.

HEIR, ARBAL, EWRA, e, MU, TAT, TV, RYER, DIEE, sk, TR WA A X W i - A B A 1] 43
ARSI, REE TR, 2023, 41(6) : 23-31.

Bianchi T S, Schreiner K M, Smith R W, Burdige D J, Woodard S, Conley D J. Redox effects on organic matter storage in coastal sediments during
the Holocene: a biomarker/proxy perspective. Annual Review of Earth and Planetary Sciences, 2016, 44, 295-319.

Blair N E, Aller R C. The fate of terrestrial organic carbon in the marine environment. Annual Review of Marine Science, 2012, 4. 401-423.
Bauer J E, Cai W J, Raymond P A, Bianchi T S, Hopkinson C S, Regnier P A G. The changing carbon cycle of the coastal ocean. Nature, 2013,
504 61-70.

Bianchi T S, Cui X Q, Blair N E, Burdige D J, Eglinton T I, Galy V. Centers of organic carbon burial and oxidation at the land-ocean interface.
Organic Geochemistry, 2018, 115; 138-155.

XKz, SR, 2. VLR IRE BT R RS AR R 515 BRI 5. 1B ., 2004, 19(1) : 23-26, 61.

FEHRHE, R, ZEA, RRIEIE. 1996—2020 AL LB MR R BE S X0 A O U B L. K BLaA BRI, 2022, 33(1) ¢ 15-26.
R, AR, B, AR, K TE. KRR TR WU B R R SR AT RS KRR AR IR 2019, 39(4) : 75-84.
FREL, ks, Bk, Y, UER, SRR TE. JTGONEEA RS KB BRSO LR —— L% . KB, 2017, 28(2)
231-239.

http ; //www.ecologica.cn



6164 EoOE O ¢ 44 %

[35]

[36]

[37]

[38]

[39]
[40]

[41]
[42]
[43]
[44]
[45]
[46]

[47]

[48]
[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

Gao C, Finotello A, Wang Y P. Predominant landward skewing of tidal meanders. Earth Surface Processes and Landforms, 2022, 47 (13) .
3199-3215.

Gong Z, Jin C, Zhang C K, Zhou Z, Zhang Q, Li H. Temporal and spatial morphological variations along a cross-shore intertidal profile, Jiangsu,
China. Continental Shelf Research, 2017, 144, 1-9.

Zhao K, Gong Z, Zhang K L, Wang K'Y, Jin C, Zhou Z, Xu F, Coco G. Laboratory experiments of bank collapse: the role of bank height and
near-bank water depth. Journal of Geophysical Research; Earth Surface, 2020, 125(5) : ¢2019JF005281.

Zhang Q, Gong Z, Zhang C K, Townend I, Jin C, Li H. Velocity and sediment surge: what do we see at times of very shallow water on intertidal
mudflats? Continental Shelf Research, 2016, 113 10-20.

SR, W], SRICTE, AN, S VLIRS M A S KB ERE , 2014, 25(6) : 880-887.

Jin C, Gong Z, Shi L, Zhao K, Tinoco R O, San Juan J E, Geng L, Coco G. Medium-term observations of salt marsh morphodynamics. Frontiers
in Marine Science, 2022, 9. 988240.

Dai W Q, Li H, Zhou Z, Cybele S, Lu C Z, Zhao K, Zhang X Y, Yang HT, Li D Y. UAV photogrammetry for elevation monitoring of intertidal
mudflats. Journal of Coastal Research, 2018, 85 236-240.

Marani M, Lanzoni S, Zandolin D, Seminara G, Rinaldo A. Tidal meanders. Water Resources Research, 2002, 38(11); 1225.

Sylvester Z, Durkin P, Covault J A. High curvatures drive river meandering. Geology, 2019, 47(3) : 263-266.

lelpi A, Lapotre M G A, Finotello A, Roy-Léveillée P. Large sinuous rivers are slowing down in a warming Arctic. Nature Climate Change, 2023,
13 375-381.

Lopez Dubon S, Lanzoni S. Meandering evolution and width variations: a physics-statistics-based modeling approach. Water Resources Research,
2019, 55(1) : 76-94.

Frascati A, Lanzoni S. A mathematical model for meandering rivers with varying width. Journal of Geophysical Research: Earth Surface, 2013, 118
(3): 1641-1657.

Yang P, Zhang L H, Lai D, Yang H M, Tan L'S, Luo L J, Tong C, Hong Y, Zhu W Y, Tang K W. Landscape change affects soil organic carbon
mineralization and greenhouse gas production in coastal wetlands. Global Biogeochemical Cycles, 2022, 36, ¢2022GB007469.

PR RS A AR P L E WO AR BRI S B8O o R B ERRR |, 2013,43(01) 1 1-18.

Miller W L, Moran M A. Interaction of photochemical and microbial processes in the degradation of refractory dissolved organic matter from a coastal
marine environment. Limnology and Oceanography, 1997, 42(6) . 1317-1324.

Hedges J I, Keil R G. Sedimentary organic matter preservation: an assessment and speculative synthesis. Marine Chemistry, 1995, 49 (2) .
137-139.

Finotello A, D’Alpaos A, Bogoni M, Ghinassi M, Lanzoni S. Remotely-sensed planform morphologies reveal fluvial and tidal nature of meandering
channels. Scientific Reports, 2020, 10, 54.

LB, Z2F2, Hite, B, #A. 520 R MR T A Bl AE fh o O 1 b 02 SRR TR T RE AU SE . A SR, 2014, 34(12)
3350-3358.

Gong Z, Zhao K, Zhang C K, Dai W Q, Coco G, Zhou Z. The role of bank collapse on tidal creek ontogeny: a novel process-based model for bank
retreat. Geomorphology, 2018, 311, 13-26.

Zhao K, Gong Z, Xu F, Zhou Z, Zhang C K, Perillo G M E, Coco G. The role of collapsed bank soil on tidal channel evolution: a process-based
model involving bank collapse and sediment dynamics. Water Resources Research, 2019, 55(11); 9051-9071.

Wang K'Y, Gong Z, Zhao K, Tang S, Zhang K L. A three-dimensional experimental study on bank retreat; the coupled role of seepage and surface
flow. Frontiers in Marine Science, 2022, 9. 1054077.

Maher D T, Santos I R, Golsby-Smith L, Gleeson J, Eyre B D. Groundwater-derived dissolved inorganic and organic carbon exports from a
mangrove tidal creek: the missing mangrove carbon sink? Limnology and Oceanography, 2013, 58(2) . 475-488.

Campbell A D, Fatoyinbo L, Goldberg L., Lagomasino D. Global hotspots of salt marsh change and carbon emissions. Nature, 2022, 612 701-706.
Adame M F, Connolly R M, Turschwell M P, Lovelock C E, Fatoyinbo T, Lagomasino D, Goldberg L. A, Holdorf J, Friess D A, Sasmito S D,
Sanderman J, Sievers M, Buelow C, Kauffman J B, Bryan-Brown D, Brown C J. Future carbon emissions from global mangrove forest loss. Global
Change Biology, 2021, 27(12) : 2856-2866.

Wang Y P, Gao S, Jia J J, Thompson C E L, Gao J] H, Yang Y. Sediment transport over an accretional intertidal flat with influences of
reclamation, Jiangsu coast, China. Marine Geology, 2012, 291. 147-161.

W, OREW], AN, R, BT, B T EEE LT IR RSO SR R R AE R AR, 2013, 33(17) ; 5141-5152.
FREL, SCRIE, B, B8, IRE0 O P e S LR A R KGR R T AR, 2023, 34(11) : 2978-2984.

Choi K, Jo J H. Morphodynamics of tidal channels in the open coast macrotidal flat, southern ganghwa island in gyeonggi bay, west coast of Korea.
Journal of Sedimentary Research, 2015, 85(6) : 582-595.

Gao C, Lazarus E D, D'Alpaos A, Ghinassi M, lelpi A, Parker G, Rinaldo A, Gao P, Wang Y P, Tognin D, Finotello A. Morphometry of tidal
meander cutoffs indicates similarity to fluvial morphodynamics. Geophysical Research Letters, 2024, 51(1) . €2023GL105893.

http ; //www.ecologica.cn



